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:e  technology 

•  Introduction  to  Keronite  and  our  "PEO"  technology 

•  Typical  coating  characteristics  classic  applications 


Current  applications  in  aerospace  and  defence: 

•  Magnesium  gearboxes 

•  Ti6AI4V  landing  gear  bearing  carriers 


Al  MMC  structures 


Other  Al  applications 
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Background 

J2T- 


Keronite  International  Ltd.  is  a  Cambridge(UK)-based 
company  that  specialises  in  "plasma  electrolytic  oxidation". 

This  is  an  electrochemical  process  for  the  surface  conversion 
of  any  aluminium  or  magnesium  alloy  to  give  a  very  hard  but 

compliant  ceramic  surface. 

The  process  is  used  for  wear  protection  in  many  cases  where 
anodising  is  inadequate.  These  include  applications  where 
superior  hardness  and  wear  performance  is  needed,  or 
where  metals  such  as  2000-series  aluminium  or  magnesium 
alloys  are  to  be  used.  It  also  provides  un-rivalled  Cr-free 
corrosion  protection  for  magnesium  alloys. 
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Origins  of  PEO  technology 
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Applied  "PEO"  technology  has  its  origins  in  the  former  USSR, 
where  it  played  a  role  in  the  longevity  of  the  Mir  space  station 


1986-2001 


NASA/JPL-Caltech. 


Keronite  International 


KERONITE 

ADVANCED  SURFACE  TECHNOLOGY 


Established  in  2000,  Keronite  specialises  in  the  development  and 
commercial  application  of  PEO  technology  throughout  the  world 


Global  HQ  in  Cambridge  (UK) 

US  HQ  in  Indianapolis 
Partners  and  licensees  worldwide 


•  Service  provider 

•  Equipment  design  and  installation 

•  Application  engineering 

•  World  leading  R&D  in  PEO 
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Courtesy  NASA/JPL-Caltech. 
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Business  strategy 


Keronite  aims  to  deliver  solutions  to  our  customers  in  whatever  form  is  most  suitable, 
from  R&D  and  applications  engineering,  through  to  small  scale  production 
(at  Keronite  HQ  or  one  of  our  partners),  right  up  to  licensed 
high-volume  production,  where  we  will  design, 
install,  and  even  operate  equipment 

as  appropriate 


The  process  in  action: 


The  process  is  an  electrolytic  process  (like  anodising),  but  employs  non¬ 
toxic,  dilute  alkaline  electrolytes,  and  high  voltages  to  generate  millions  of 
very  short-lived,  pm-scale  plasma  discharges.  These  melt  and  modify  the 
growing  oxide  layer,  changing  its  structure,  making  it  harder,  and  denser. 
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a) 

Eectrolyte: 

°2‘  u 
AnxOy 

Passive  oxide  film 


Anode 


b) 

Growth  of  porous, 
amorphous  oxide 

o2- 

ill 

ai3+ 


e) 

Molten  oxide  erupts 
from  channel 


f) 

Rapid  re-solidification 
of  molten  plug 


1 

Dense, 

crystalline 

plug 
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Process  schematic 


c) 

d)  Plasma  reactions 

Electric  field 

in  discharge  channel 

>  8  V  pm’1 

O2' 

An^y 

Dielectric 

breakdown 

Mi 

y  4 

ai3+ 

evolution 

9)  Further  discharges 
occur,  including 
discharges  in  gas 


J 


h) 

Coating  is  gradually 
thickened  and  densified 
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Cross-section 


a-AI203  corundum 


Structure  &  Composition 

As  with  anodising,  we  have  a  dense,  well-adhered 
ceramic  layer,  resulting  from  substrate  oxidation. 

In  the  PEO  process,  however,  this  is  modified  by 
melting,  melt-flow  and  re-solidification  to  become 
far  harder  crystalline  phases  such  as  "sapphire", 
and  also  a  far  more  complex  microstructure  than 
the  simple  columnar  pores  of  anodising. 
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Hardness  &  wear  resistance 


a-AI203  corundum 


The  crystalline  phases,  particularly  a-AI203,  confer 
hardnesses  of  1500-2000  HV0 A  on  the  Keronite  layer, 
making  it  significantly  harder  than  steel,  sand,  glass 
and  many  common  wear  counterparts.  This  hardness 
is  typically  reflected  in  wear  performance: 


Hardness  (HV01) 
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Relative  hardness: 
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Aluminium 
Anodising 
Hard  steel 
Sand 
PEO 


Wear  protection 


Keronite  coated  Al  sprockets 
last  three  times  as  long  as  the 
steel  parts  they  replaced 
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Process  control 
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UNIVERSITY  OF 

CAMBRIDGE 


Keronite  and  research  partners  in  the 
University  of  Cambridge  possess  unique 
MHz  process  analysis  and  control 
capabilities  for  characterising  individual 
discharges  and  plasma  parameters  such 
as  temperature  and  composition. 


T:ore 

^envelope 


16000  K 
=  3500  K 


Plasma  density: 

Ne  ^  1015  cm  3 
N0  ^  1018  cm  3 
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Characterisation  of  discharge  events  during  plasma  electrolytic  oxidation, 

Dunleavy  et  al.,  Surface  and  Coatings  Technology,  203  (2009),  22:  3410  -  3419  12 
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World  motorsport 


Keronite  coatings  are  widely  used  in  motorsport. 

They  are  in  particular  demand  with  many  of  the  worlds'  leading 
motorsport  teams,  including  FI  teams  where  Keronite  is  the  most 
widely  applied  protective  coating  for  magnesium. 

Thermal  protection 
Magnesium  corrosion  protection 
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Layer  structure 


Similar  to  anodising:  Uniform  coverage  of  complex  shapes 

Well-controlled,  predictable  growth 

Non- columnar  structure:  Superior  edge  protection 

Less  susceptible  to  corrosion,  wear 
Lower  fatigue  debit 
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Friction  surfaces 
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The  Keronite  surface  has  intrinsic  roughness  of: 

Ra  =  Y\0  Thickness 

This  can  be  enhanced  (e.g.  profiled  substrate)  or  reduced  (e.g. 
polishing  or  post-treatment)  to  give  a  very  wide  range  of  p 


^.3 

4S2.7 


Polished  b 


617.7 


Approximate  examples: 

Keronite  vs.  bearing  steel:  0.6-0. 7 
Keronite  vs.  Keronite:  ~0.6 

Lubricated  Keronite:  ~0.1 
Polished,  lubricated:  ~0. 03-0.04 
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HK--R— N  u  E  Racing  yachts  (friction) 


The  America's  Cup  Yacht  BMW  Oracle 
pioneered  the  use  of  Keronite™  coated  winch 
drums  in  2007.  These  have  since  been  widely 
adopted  in  high-performance  racing  yachts. 


©  Keronite  2010 
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Oracle 
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High  friction  surfaces 
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The  winch  drums  have  a  complex  shot-peened 
profile  for  optimal  surface  roughness.  This  complex 
surface  finish  is  preserved  from  wear  by  the  hard 
Keronite  surface  to  give  a  durable,  high-friction 

surface. 


'lar  application  (high  performance  off-road 
rims)  uses  Kerdnite  to  protect  a  machined 
braking  surface,  delivering  far  greater  durability 
than  hard  anodised  aluminium. 


Textured  brake  surface 
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Black  Keronite  provides  durable  wear  protection  for  a  textured  braking  surface 


Relief  (urn): 


Low  friction 
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By  applying  conventional  polishing  or  honing  techniques  to  Keronite  surfaces, 
Ra  of  just  10s  of  nm  can  readily  be  achieved.  This  generally  amounts  to 
removal  of  the  surface  roughness;  with  the  polishing  somewhat  self-limiting 
as  soon  as  the  bearing  area  increases. 


Polished  surfaces  retain  a  very  fine  pore  structure  which 
is  ideal  for  lubricant  retention.  A  honed  cylinder  liner,  for 
instance,  retains  lubricant  as  well  as  traditional 
corrugated  surfaces,  whilst  offering  far  lower  friction. 


Keronite  was  an  enabling  technology  for  certain 
aluminium  valve-train  components  in  FI  engines 
when  22,000  rpm  was  permitted;  hard  anodising 
could  not  provide  adequate  wear  protection. 
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Mg  gearboxes 


Surface  protection  for  WE43B  and  ZE41A  cast  gearbox  housings: 


Up  to  ~4m2  (for  S-92) 

DOW17  and  HAE  replacement  (to  exceed  AMS  2466) 
Qualified  pre-treatment  for  Rockhard  Resin 


Image  courtesy  of  Bristow  Norway 
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Mg  corrosion  protection 
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Keronite  is  the  only  system  to  exceed  the  protection  offered  by  Cr(VI)  conversion 

-Ford  Motor  Co.  research 


,  Howard  l  Kaplan  undBohR.P^il 

,  Neale.  R  Neelameggham,  H  2005 

Magnesium  Technology  a»5  Eaitea  >  ^  ^  Metals  A  Maten 


■  vtltwsin  Automotive  Applications 
.ion  Protection  Methods  for  Ma&nesulitt  Allo>s 
Evaluation  ot  Corros  B[eti OTi,  &  McCune.RC. 

Blanchard. PJ  - H*1  -  h  &  a.dvan«d  Engineeung 


Keywords:  Magnesium.  C  m  secrtous  that 
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Mg  Taber  abrasion 


0  2000  4000  6000  8000  10000  12000 


Revolutions  of  CS17  Abrader,  10N 
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Fatigue  endurance 


Number  of  cycles 


Fatigue  properties 


of  Keronite®  coatings  on  a  magnesium  alloy 


Batch 

Layer 

thickness  (mm) 

Endurance 
limit  (MPa) 

Fatigue 
life  (cycles) 

■ 

As  received  Mg 

- 

35 

6.5  X  10s 

i 

7 

31 

2,3  X  10s 

▲ 

2 

15 

77 

2.SX105 

• 

3 

15 

S3 

1,3  X  10s 

O  Open  symbols  signify  no  failure 
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Abstract 
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fl-1-— 1  Ti6Al4V  bearing  carriers 


Ti6AI4V  landing  gear  bearing  carriers  for  civil  airliner  MROs 
4  parts  &  9  bear  nes  per  tvoical  airframe 


Keronite  provides  improved  bearing  refurbishment  service: 


©  Keronite  2011 


Improved  wear  performance 
Improved  anti-galling  protection 
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Ti6AI4V  wear 


Ti6Al4V  against  SAE52100  steel,  block-on-ring  dry  sliding  wear  test 
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Bare  Ti6Al4V 
KTT  coated 
KTT+modifier 


60  80 
Applied  Load  (N) 
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PEO  layers  obtained  from  mixed  aluminate-phosphate  baths  on  Ti-6AI-4V:  Dry  sliding  behaviour, 

C.  Martini  et  al.,  Wear  269  (2010)  pp.  747-756 
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Klll°N,'-.LE  Al  MMC structures 


Image  courtesy  of  NASA 


Maximum  Bending  Stress  (MPa) 
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Al  MMC  fatigue 
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♦  AMC640xa-T6  PGQ.  Billet  (Uncoated) 

50 

■  AMC640xa-T6  PGQ  Billet  (Coated) 
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Fatigue  data  courtesy  of  AMC,  with  permission  of  ESA 
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^LLR...°.N,'.,I.,E  Thermal  stability 

Coatings  stable  to  over  900°C  (1650°F) 

Strain  tolerant  and  resistant  to  thermal  shock  and  cycles 
Moderate  thermal  conductivities  (k~0.2-5  W  m  1  K 1): 

•  Thermal  protection 

(e.g.  Federal  Mogul  piston  crowns) 

•  Insulating  heat  sinks 
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The  Thermal  Conductivity  of  Plasma  Electrolytic  Oxide  Coatings  on  Aluminium  and  Magnesium 

Curran,  J.A.  and  Clyne,  T.W.,  Surface  and  Coatings  Technology,  v.199(2-3),  pp. 177-183  (2005). 
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Naval  aviation 


Aeronautical  &  General 
Instruments  Limited 
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Aeronautical  &  General 
Instruments  Limited 


Naval  aviation 


Deck  and  hangar  edge  lights 
HELIVAS  approach  lights 
Stabilised  horizon  reference  systems 


|p(i.E,.i°.N.'.lE  High-power  substrates 

Developed  for  high  dielectric  strength  (>2kVAC  DC)  insulation 
Resistant  to  thermal  shock  thermal  cycles  of  over  300°C  (570°F) 
Coating  stable  to  over  900°C  (1650°F) 

Minimal  thermal  barrier  (>1  W  m  1  K'1) 

Applications: 

•  High-power  electronics 

•  LED  lighting  systems 

•  Plasma  processing 

©  Keronite  2011 
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Summary 


Keronite's  surface  treatment  provides  the  solution  to  a  wide 
range  of  aerospace  and  defence  engineering  challenges: 


Chrome-free  Mg  corrosion  and  wear  protection 

with  minimal  fatigue  debit 


Ti6Al4V  wear  protection 


Aluminium  wear  protection  (including  MMCs) 
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Thermal  barrier  protection,  optical  surfaces, 
high  power  dielectric  insulation 


Contact  information 
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Eric.Tocco@keronite.com  James.Curran@keronite.com 

USA  Sales  Executive  Principal  Materials  Engineer 

Cell:  (317)432-4985 


Keronite  Inc. 

2121  Southtech  Drive,  Suite  220 
Greenwood,  IN  46143 
Office  :  (724)265-8122 
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